Dividing cells from persons with Bloom's syndrome, an autosomal recessive disorder of growth, exhibit increased numbers of chromatid breaks and rearrangements. A highly characteristic feature of the chromosome instability in this syndrome is the tendency for exchanges to occur between chromatids of homologous chromosomes at homologous sites. In the present experiments, a cytogenetic technique by which the sister chromatids of a metaphase chromosome are stained differentially has been used to demonstrate a striking and possibly specific, but hitherto unrecognized, increase in the frequency with which sister chromatids also exchange segments. The cells were grown in bromodeoxyuridine and stained with 33258 Hoechst and Giemsa. Whereas phytohemagglutinin-stimulated lymphocytes from normal controls had a mean of 6.9 sister chromatid exchanges per metaphase (range 1-14), those from persons with Bloom's syndrome had a mean of 89.0 (range 45-162). Normal frequencies of sister chromatid exchanges were found in cells heterozygous for the Bloom's syndrome gene, and also in cells either homozygous or heterozygous for the genes of the Louis-Bar (ataxia telangiectasia) syndrome and Fanconi's anemia, two other rare disorders characterized by chromosome instability.
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In a differentially stained chromatid interchange configuration discovered during the study, it was possible to determine the new distribution of both sister and nonsister-but-homologous chromatids that had resulted from numerous exchanges. By following shifts in the pattern of staining from chromatid to chromatid, visual evidence was obtained that the quadriradial configurations long recognized as characteristic of Bloom's syndrome represent exchanges between homologous chromosomes, apparently at homologous points.
We postulate that the increase in the frequency of exchanges between nonsister-but-homologous chromatids and those between sister chromatids in Bloom's syndrome represents aspects of one and the same disturbance. A study of this phenomenon in relation to the clinical features of Bloom's syndrome may be helpful eventually in understanding the biological significance of chromatid exchange in somatic cells.
Bloom's syndrome is a rare genetic disorder of man characterized clinically by growth retardation, a sun-sensitive eruption of the face, a disturbance of immune function, and a predisposition to cancer (1, 2) . In addition, cultured blood lymphocytes and dermal fibroblasts from affected homozygotes (the genotype of which may be described as bI/bi) exhibit an excessive instability of their chromosomes, that is, an increase in the number of chromosome breaks and rearrangements in comparison to that in cells of the genotypes bl/+ and +/+. The chromosome aberrations observed include chromatid and ioschromatid gaps and breaks, sisterchromatid reunions, polycentric chromosomes, and chromatid interchange configurations (1, 3 The fixative was allowed to dry under the warmth of a 70-W electric lamp; as the drop of fixative on the slide began to contract, refraction rings appeared on its receding edge, and at that point gentle blowing was used to speed drying.
Staining and Photography. In the initial exl)eriments, cells on the slides were stained for 12 min in 33258 Hoechst (Farbernwerke Hoechst, Germany) (1.0 pg/ml of demineralized water) and then rinsed and mounted in demineralized water under coverslips sealed with rubber cement. They were studied by fluorescence microscopy using a Zeiss photomicroscope with a fluorescent attachment (BG 12 exciter, 50 barrier, and fl 450 dichroic reflector combination). With this method, differential staining of sister chromatids, and exchanges if present, could be seen readily. However, the fading of chromosome fluorescence after about 1 min proved a serious hindrance in photography, so that in subsequent experiments the following technique for staining was employed. The cells on the slides were stained in the 33258 Hoechst and mounted as described above. The following day the coverslips were removed; the slides were incubated (600) for 2 hr in 2 X SSC (0.3 M sodium chloride and 0.03 AM sodium citrate), and the cells were then stained for 30 min in Giemsa (HarlecoWright's Giemsa) (5% in pH 6.8 buffer prepared using Gurr's buffer tablets). The slides were allowed to dry, passed through xylol, and mounted in Permount. The preparations were examined using regular or phase-contrast optics. Cells exhibiting differential staining of sister chromatids were photographed using Kodak IPanatomic X film and a Zeiss interference filter at a setting of 540 nm. In an effort to avoid bias in selecting cells for study, each of those encountered during the scanning Table 2 . x2 tests showed a significant deviation between the observed and expected distributions (P < 0.001 for all three groups). Inspection of Table 1 ). undergo an additional replication in the absence of the label, only one of each pair of daughter chromatids at the second metaphase shows the label. In experiments of similar design studying the chromosomes of Bellevalia romnana, Taylor (13) observed exchanges between the two sister chromatids of the second mitosis following the labeling. Even though his observation of SCEs has been confirmed in cells of a number of different species, it is still uncertain as to whether these exchanges are spontaneous or radiation induced (14) . The demonstration of SCEs in cells from experiments employing no radioactive isotopes indicates that they are not solely radiation-induced artefacts. Also, Latt (6) has found that their frequency did not differ in experiments using isotopically labeled and unlabeled BrdU. The possibility that BrdU might itself induce SCEs must be considered, however. Our present findings lend support to the view that they are not just experimental artefacts. Thus, in cells homozygous for a specific abnormal gene, the number of SCEs was found to be increased, and these are cells which display increased numbers of chromatid breaks and rearrangements when they grow in nonBrdU-containing medium; furthermore, the breaks and rearrangements are of the type that occurs spontaneously in cultured but otherwise untreated cells from normal persons, but at a low frequency.
Our study leaves no doubt that cells homozygous for the Bloom's syndrome gene exhibit a striking increase in the number of SCEs ( Fig. 1 , showing many more SCEs than normal (compare with Fig. 1 ). Enlarged 180OX.
cells is sufficient to determine whether the characteristic pattern is present or absent; the ranges in numbers of SCEs for bl/bl and +/+ cells have not been found to overlap. In addition, the bl/bl pattern appears so far to be specific. The bl/+ cell resembles the +/+ in number of SCEs (Table 1 ). In cells from homozygotes and heterozygotes of the Louis-Bar syndrome and Fanconi's anemia, two other rare autosomal recessive syndromes in which chromosome instability and a predisposition to cancer figure prominently, the frequency of SCEs appears to be the same as that in the normal (Table 1) .
Our observations suggest strongly that one and the same disturbance in Bloom's syndrome cells is responsible for the increased exchange between sister chromatids and that between homologous but nonsister chromatids. If so, does it involve a breakage and reunion mechanism akin perhaps to that in effect in meiosis? Several models put forward to explain meiotic exchanges' (15) can also be considered in relation to mitotic homologous chromatid interchange of the type seen in Bloom's syndrome (16 FIG. 4 (bottom). Diagrammatic representation of chromatid exchanges, both intra-and interchromosomal, to explain the staining pattern in the two homologous chromosomes which compose the quadriradial configuration shown in Fig. 3 (chromatid iI'P'P and chromatid PP'\I'\MM'MM').
The uncertainty referred to above as to the significance of SCEs applies as well to the homologous but nonsister chromatid interchanges. Should either or both be shown to occur in vivo, as seems entirely possible, the definition of their role in the generation of somatic cell diversity should be or great interest. Although the phenomenon of sister chromatid exchange in somatic cells has been known for over 20 years (13, 17) and that of somatic crossing-over for almost 40 (18) 
